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Introduction

» Quantum Chromodynamics (QCD)
- Symmetries of the QCD Lagrangian.
If all quark massless then we have chiral symmetry

U(N;), xU(N;), =SU(N;), xSU(N;), xU (@), xU(D)

- Spontaneous breaking of chiral symmetry by quark condensates.
- Explicit breaking of global chiral symmetry by quark masses and chiral anomaly.

» Effective chiral models of (QCD).




Motivation

 Decay of the pseudoscalar glueball into scalar and pseudoscalar mesons.
 Decay of the pseudoscalar glueball into excited scalar and excited pseudoscalar
mesons.

 Decay of the pseudoscalar glueball into the scalar glueball.

 Decay of the first excited pseudoscalar glueball into the pseudoscalar and the
scalar glueball.

 Decay of the first excited pseudoscalar glueball into the pseudoscalar
charmonium state.

 Decay of the first excited pseudoscalar glueball into scalar and pseudoscalar
mesons and their first excited states.
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Fields of the models

e Mesons: quark-antiquark states ( ¢q)
(scalar, pseudoscalar, excited scalar and excited pseudoscalar quarkonia.)

Quantum number: J°¢ > Charge Conjugation

TotalSpin / l

Parity

e Glueballs: Scalar, pseudoscalar, first excited pseudoscalar glueballs




E—

Decays of the pseudoscalar glueball




A globally chirally invariant for three flavours

Interaction Lagrangian for the pseudoscalar glueball with scalar and pseudoscalar
mesons

ﬁglt 10 'Crp (T (det b — det {I)'I')

where C_ is a dimensionless coupling constant and @ reads for three flavours, N, =3
GO

J 0 ] i JEI . - s T
' ( (o +ﬂ”):;%(m ) ag +imt K3 +iK* \
a | :pa\ga _ . —aLitnn —7° . o
¢ = (5" +iP")t" =- 5 ag +im (o ﬂ”):;%(m ™) K +iK"

\ K +iK- K3 +iK° o5 +ins




Glueballs

Lattice QCD calculation

12

10 +

0

[C. Morningstar and M. J. Peardon, AIP Conf. Proc. 688, 220 (2004)

.................

.................

_________________

++

[arXiv:nucl-th/0309068]];

-y

+ +
PC

14

m, (GeV)

0

The pseudoscalar glueball G =|gg) at the
border within light and heavy

M. =26 GeVv,J™ =0", |

G

=0.

The first excited pseudoscalar Glueball

M - =3./ GeV , J =0

G



Two experiments related to our work:

1. PANDA experiment at FAIR facility.
It will be capable to scan the mass region above 2.5 GeV.

2. BESIII experiment.
The resonance X(2370) could be a pseudoscalar glueball with a mass 2.37 GeV.




Predictions for a pseudoscalar glueball

- Predict branching ratios for decays into three pseudoscalar mesons G — PPP

Quantity  |Case (1): Mg = 2.6 GeV |Case (i1): Mg = 2.37 GeV
Lakxn/Td 0.049 0.043
ré_}Mn JTE 0.019 0.011
Ly /Ft“ 0.016 0.013
Ly /TS 0.0017 0.00082
L /TG 0.00013 0
Lo kin/T o 0.47 0.47
Cénrn/TE 0.16 0.17
Lépinn /LG 0.095 0.090

The decay of the pseudoscalar glueball into three pions vanishes:

= 0

G—=mrm

W. I. Eshraim; S. Janowski; F. Giacosa; D. H. Rischke. Phys.Rev. D87 (2013) 054036 [arXiv: 1208.6474 [hep-ph].

-



Predict branching ratios for decays into a scalar and a pseudoscalar meson

G — PS

Quantity |Case (i): M5 = 2.6 GeV [Case (ii): Mg = 2.37 GeV
Comnnal o 0.060 0.070
II:%J_MDW//II:%T 0 0%82226 0 086100030

Gonon/— G : : :
Feion /TS 0.039 0.026
Co /T 0.012 (0.015) 0.0094 (0.017)
Coaa /T 0 (0.0082) 0O

whereas Could be measured by % i

K, = K; (1430), a, = a,(1450), o, = 1,(1370), o = 1,(1710)
The full width of the pseudoscalar glueball is expected to be small

W. I. Eshraim; S. Janowski; F. Giacosa; D. H. Rischke. Phys.Rev. D87 (2013) 054036 [arXiv: 1208.6474 [hep-ph]; W.I. Eshraim and S. Janowski, PoS
ConfinementX 118, (2012) [arXiv:1301.3345 [hep-ph]]; W.I. Eshraim and S. Janowski, J. Phys.Conf. Ser. 426, 012018 (2013) [arXiv:1211.7323 [hep-ph]].
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A globally chirally invariant for three flavours

Interaction Lagrangian for the pseudoscalar glueball with (pseudo)scalar and excited
(pseudo)scalar mesons

. 2
ﬁcné@g = Coop, O {(det@ — det@}/) + (det®' — det(I)E)z

W. I. Eshraim, [arXiv: 1902.11148 [hep-ph]]
Where czeor is @ dimensionless coupling constant and @ reads for three flavours, N, =3
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D. Parganlija and F. Giacosa, Eur.Phys.J. C77 (2017) no.7, 450 [ arXiv:1612.09218 [hep-ph]].




The assignment of the excited (pseudo)scalar mesons

Maodel state| 705 Assignment
T 00~ fo{1790)
17 7 00~ n{1295)
ns 00— {1440
7= 007 | Possible overlap with fo{2020)/ fo (2100]
to be discussed as a model consequence
a- 107 Possible overlap with aq(1950)
to be discussed as a model consequence
iy 10~ Possible overlap with w({1300]
to be discussed as a model consequence
K= =07 Possible overlap with K3({1950)
to be discussed as a model consequence
K =0~ Possible overlap with K ({1460)
to be discussed as a model consequence

! D. Parganlija and F. Giacosa,

Eur.Phys.J. C77 (2017) no.7, 450 [ arXiv:1612.09218 [hep-ph]].




Branching ratios for the two- and three-body decays of the pseudoscalar glueball

Quantity The theoretical result [MeV]

[ 0.002
NS v 0.440
Témm /T e 0.249
11é_}‘TFSETI/ 12‘;@5' 0.0085
11@—*?:.%*;5?;’/ 123;@12 0.0289
Cémnnn /L o, 0.2082

TG mmoon /L ihe 0.00016
Tasmomn/ Lt 0.0011
Témmonasroy/L o 0.0405
Témnso1500)/ L e 0.0209
Témnoarioy/ Loy 0.0003

e krro3r0)/L Goo, 0.000045

T

W. I. Eshraim [arXiv: 1902.11148 [hep-ph]]
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Decays of the first excited pseudoscalar
glueball




Interaction Lagrangain for the excited pseudoscalar glueba

with a pseudoscalar glueball and the ordinary scalar and pseudoscalar mesons

with a scalar glueball and the pseudo(scalar) mesons

Eg‘é — icéG@éG (detq) — det@f)

with scalar and pseudoscalar mesons

ﬁg’é — icé@é (detfi) — det@*)

Walaa I. Eshraim, Stefan Schramm, Phys.Rev. D95 (2017) 014028 [arXiv:1606.02207 [hep-ph]].
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Results

Branching ratios for the decay of the excited pseudoscalar glueball into
the pseudoscalar glueball

uantit The theoretical result
Q y

oo xx/Ta 0.0277

F(;—:-(J ww/ri’?‘t 0.9697

FCM—}( ! /Ptot 0.0026
Caarmm/ Ty I’“” 0.000012

The branching ratio for the decay of the excited pseudoscalar glueball

Into charmonium state /Ftot — 0.001

G—H} T

BESIII PANDA!

Walaa I. Eshraim, Stefan Schramm, Phys.Rev. D95 (2017) 014028 [arXiv:1606.02207 [hep-ph]].
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Branching ratios for the decays of the excited pseudoscalar glueball

into PS and scalar-isoscalar states as well as 7 and 7

Case (1):£27,

The theoretical result

s\ pand
Case (ii): LA

The theoretical result

Céyann /Ffﬂf 0.0325 Cérugn /T 0.0313

Fc;_:.mq/F“’t 0.032 Pc;_mcg/l““’* 0.001
Céanfo1370y /T &, 0.00004 Cénfo1370y /L6, 0.0014
Pasy fn(l’i?[])/ wt 0.043 Ly ' f0(1370) m 0.031
Laynpoason /L'é *“ 0.0068 Lasnpos00) /T'é ““* 0.0067
T &y’ £ (1500) /F“’t 0.0219 Ca, Jfn(“m/F‘f‘ﬂ“ﬁ 0.0214
Lanpoano/L'a e 0.0008 Léoynsoirio)/Téy 0.0007
PG'—H} fn(1?1n)/rm 0.001 F(‘“‘—}n fn(l'?l())/ m 0.001

Could be measured by BESIII and PANDA!

! Walaa I. Eshraim, Stefan Schramm, Phys.Rev. D95 (2017) 014028 [arXiv:1606.02207 [hep-ph]].




Into scalar-1soscalar states
and (pseudo)scalar mesons

Walaa I. Eshraim, Stefan Schramm,
Phys.Rev. D95 (2017) 014028
[arXiv:1606.02207 [hep-phl].

Could be measured by
BESIII and PANDA!

Branching ratios for the decays of the excited pseudoscalar

C&SC ( ) Emt

The theoretical result

Case (ii):L27

The theoretical result

Léspmn/Tén 0.095 [ /rwf 0.1376
FG_""? ”W/Fg; 0.111 PG—M‘; ﬁﬂ/PtOt 0.1069
FN—)‘(I. KK /I‘!ﬁOi 0.0026 I —San KK /Ptm” 0.0025
G 0 S G2 G 0 5
L& nagan /L' 0.0001 o yaan /TS 0.0001
U5, aomfo(1370) /I‘f"t 0.0003 L6, aom fo(1370) /Fwt 0.0003
UG s agmfo(1500) /Fmt 0.0034 Ué s agmfo(1500) /Fwt 0.0032
UG agnfo(1710) /Fmt 0.0001 FG‘—)-anwfg(l?lO)/FtOt 0.0001
F(‘—mfn (1370) /Fmt 0.0003 F(‘—mfn (1370) /Fwt 0.001
Ty £2(1370) /I’f‘”‘ 0.03 x 10~° Ty 12(1370) /wa 0.006 x 10~°
F(‘—w,afg(1500) /Fmt 0.00004 F(*—>¢,f2(1%00) /Fwt 0.00001
L e t0(1370) £ (1500) /FM 0.00003 L 6 £0(1370) fo (1500) /Pm 0.0001
PG—>nfo(l370)fo(17lU)/ wt 3.798 x 10" FC‘—mfo(mm)fo(l?l())/Pwt 7.25 x 107°
F(‘—>I{K3f0(1‘370)/r 0.0025 F(*_ua(qu(nm)/r 0.0025
tot tot
Fcefffcsfo(lsom/lﬂt ) 0.00013 F(‘—»Kf{qfo(l%ﬂ())/rt t 0.00018
FC—>1<ffsfo(l;lUQ /tr 6.2 x 10 F(*—}I(quo(l;lot) /tP 4.75 x 10
FO—)ICICV; s 0.0668 PO—)I{I{T} re 0.0643
L ki /I‘“’t 0.045 I /Pm 0.044
tot tot
F(*-;KSK?T,{ i 0.0002 PG—)KgI(;n{ t 0.0002
e 0.024 s 0.0233

0_)T! G—)T}

Cays/ F“’t 0.0048 Cayys /I‘“’t 0.0046
[‘CU,,,,!,,”;/F“’* 0.005 Leayp 1,}2/I’t"t 0.0048
Caynzy /Pt:;t 0.0035 Céynrzy /Ft:z 0.0034
PG—)I(K’W/F : 0.489 FO—)I(I(W/F o 0.471

tot tot
PG—)KSKSW/ 0.002 F(*-;KSKSW/ 0.0057




Interaction Lagrangain for the excited pseudoscalar glueba
with excited scalar and excited pseudoscalar mesons

ﬁg’f% — icé*@Eé’* (det(I)E — det@})

with the ordinary (pseudo)scalar mesons and the excited (pseudo)scalar mesons

a

. ] 2 ] .
Lot e, = Conga, G {(det@ - det@};) + (det@” - det%f]

Branching ratios for the two-body decays of the excited pseudoscalar glueball

Case (i):ﬁgf@E The theoretical result [MeV]
tot
F@*_}%EWE F(_’?*fg 0.0367
Fé*_*KEKSE F?*t@E 0.223
F@*—HINEGNE FE?:@E 0.105
Fé*—”?NEUSE Fé*@,; 0.147

_ tot
FG*—”?SEUNE FG*@p 0.159
W. I. Eshraim, Phys.Rev.D 100 (2019) 9, 096007 [arXiv: 1902.11148 [hep-ph]].



Branching ratios for the two- and three-body decays of the excited pseudoscalar glueba

Quantity The theoretical result [MeV|
Lo/l éas 0.002
Lasnn /T Gaa, 0.440
Loann /T seg 0.249

Lémneen/! ooy 0.0085
lf—f—”h FWIE};QJF 0.0289
L Gy Fﬂ’fﬁl :{_:}ci@p 0.2082
o 0.00016
Comvaymn/ T 0.0011
Lanmnponusrn/L E};@F 0.0405
lﬁfr'—ﬂrrfn{liﬂﬂ]f L L:}wp 0.0209
lﬁé'_a.ch.{l. 10)/ T I!'_:}‘I-"I-'E 0.0003
Py sonary/ Gas, 0.000045

W. 1. Eshraim, Phys.Rev.D 100 (2019) 9, 096007 [arXiv: 1902.11148 [hep-ph]].
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Case (i LLﬂ!¢¢p The theoretical result [MeV]
&=/ Ve o 7.399 x 10
G [ L Geaa 0.00019
3 S+ ,
Branching ratios for the two-body decays of —— f G oot/ Sg3e oo
1 (™ = T ! .
the excited pseudoscalar glueball e ;‘;::; = :’:: s
“« g leffiMF 5.13 x 107°
G*—=nspin e/ f’.‘?iqﬂpp 0.000044
"GH_WFW:; L fjimp 0.000062
G+ —n el L e 0 5 0.000015
G _*?‘J.W'EWIIIII‘EEQQJF 0.00019
Uce sorronn!Ldan, 0.000011
e (137T0) e s/ I 8.2 x 107"
s IDEIEDD;::-_:,-:; " 9.18 x 10~°
I'g (13T0)ep i/ Tz T 0.00003
Lg (1500) ey & / /’TE m: 0.000022
L's Fo(1T1D)en & / Tz. 6.54 = 107
I & —thLIS.D]jD{lSTD]fI 0.000012
L'g- s fy lauu]jnuauu]x 7.99 x 107
Lg- “— f(1710)fo (17 m]; 2.81 % 107"
D Lp1370) fo lamjf 0.000027
Lae g 3.9];'.3(1.10]; 4.71 x 10~
\é\\bo\)\ ,\; L&« 01500y fo 1710y / 1.99 x 10~"
/Q(\()N\ W. 1. Eshraim, Phys.Rev.D 100 (2019) 9, 096007 [arXiv: 1902.11148 [hep-ph]].




